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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

! i
I Metric English
Symbl Abbrevi Abbrevia- |
1 : revia- . revia- |
f Unit tion Unit tion
! Length. ... ! meber oo, m foot (or mile) .......___ £t (or mi) -
; Time__.._._. ] econd .- - o ... ooeoo... 8 second (or hour)......_. see (or hr)
| Force........ 14 weight of 1 kilogram...._. kg weight of 1 pound...._._| Ib
Power______. P horsepower (metric) -cea. {o .o __.. horsepower_ ... ___.._ hp
“3peed v {kilometers perhour._____ kph miles per hour._....._. mph
pecd.-.-.-- meters per second........ mps feet persecond. ....... fps

. Weight=myg

2. GENERAL SYMBOLS

1 4
Standard acceleration of gravity=9.80665 m/s?
Standard density of dry air, 0.12497 ke-m—4-s? at
and 760 mm; or 0.002378 [b-ft—* sec?
Specific weight of “standard” air, 1.2255 kg/
(Indicate axis of  0.07651 Ib/cu ft

“or 32.1740 ft/sec?
Muss:== W

7 _
Moment of inertia=mi
radius of gyration £ by proper subscript.)

Coefficient of viscosity

Kinematic viscosity
Density (mass per unit volume)

3. AERODYNAMIC SYMBOLS

Aren T
Arvea of wing i,
Gap
Span Q
Chord Q
Aspect ratio, % R
True air speed
Dynamie pressure, %p &
Lift, absolute :-nofjﬁc'ient (_'-’;,—q%
. D

. - a
Drag, absolute coefficient (', P :
Profile drag, absolute coefficient C‘Do=%’, o

g aq

Induce 1 drag, absolute coefficient Cp,=é—3§‘ G
Para:ite drag, absolute coefficient C’p,=q%', 4

Cross-wind force, absolute coefficient Oc=q%

2626°

" Angle of setting of wings (relative to thrus!

Angle of stabilizer setting (relative to 1
line) .

Resultant moment

Resultant angular veloeity

Reynolds number, o where [ is a linear

sion (e.g., for an airfoil of 1.0 ft chord, 100
standard pressure at 15° C, the correspo
Reynolds number is 935,400; or for an
of 1.0 m chord, 100 mps, the correspor
Reymnolds number is 6,865,000)

Angle of attack

Angle of downwash

Angle of attack, infinite aspect ratio

Angle of attack, induced

Angle of attack, absolute (measured from
lift position)

Flight-path angle
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Page 7, column 2, line 17: the parameter should read:

acy

aCy
( Baf>5f'5t instead of < aaf>

Page 7, flgure 4: ordinate scale should be deslgnated "r".

f.st

Page 8, column 2, table, lines 17 and 18 under "Definition"
should read: o

Assumed ratio of tab chord to horizontal-
tall chord.

. _._Page 10, figure §: Ag' value should be 4.5 instead of 4.2,
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DETERMINATION OF CONTROL-SURFACE CHARACTERISTICS FROM NACA
PLAIN-FLAP AND TAB DATA

By Mri.ton B. AMEs, JR. and Ricrarp I. SEARS

SUMMARY

The data from previous NACA pressure-distribution
investigations of plain flaps and tabs with sealed gaps
have been analyzed and are presented in this paper in
form readily applicable to the problems of conirol-surface
design. The experimentally determined variation of aero-
dynamic parameters with flap chord and tab chord are
qiven in chart form and comparisons are made with the
theory. With the aid of these charts and the theoretical
relationships for a thin airfoil, the aerodynamic character-
istics for control surfaces of any plan form with plain
Alaps and tabs with sealed gaps may be determined. A
discussion of the basic equations of the thin-airfou
theory and the development of a number of additional
equations that will be helpful in tail design are presented
in the appendizes. The procedure for applying the data
is described and a sample problem of horizontal tail
design is included.

The data presented and the method of application set
Sorth in this report should provide a reasonably accurate
and satisfactory means of computing the aerodynamic
characteristics of conirol surfaces.

INTRODUCTION

The need for an improvement in the method of pre-
dicting the aerodynamic characteristics of airfoils with
multiple hinged flaps, such as horizontal and vertical
tail surfaces, has long been realized. A number of
valuable contributions of both an experimental and a
theoretical nature have been made but the ultimate
objective has not yet been attained.  With the inten-
tion of more closely approaching a satisfactory solution
of the problem the National Advisory Committee
for Aecronautics has undertaken a control-surface
investigation. )

The thceoretical expressions for the lift and the
pitching-moment cocfficients of an airfoil and the hinge-
moment cocficients of any number of flaps about any
hinge position on the airfoil have been derived in refer-
ences 1, 2, and 3.

Experiments have, however, failed to check the
theory, especially in the case of hinge-moment coeffi-
cients of small-chord flaps. It is for this reason that
the design of tail surfaces has depended largely on
experiments.

Several cxperimental investigations of tail surfaces
have been conducted by the NACA and some recent
data are presented in references 4, 5, and 6. In
order to supply systematic experimental data for the
aerodynamic and the structural design of control sur-
faces, a pressure-distribution investigation of the section
characteristics of an NACA 0009 airfoil with various
sizes of plain flaps and tabs was conducted. The re-
sults ure reported in references 7, 8, and 9. -

In order to make the data of references 7, 8, and 9
more readily applicable for design purposes, curves have
been prepared to give experimental paramecters for a
wide range of flap and tab chords. The parameters
given in this paper may be used with the expressions
presented in references 1, 2, and 3 to determine the acro-
dynamic characteristics of tail surfaces with plain flaps
and tabs with sealed gaps.

SYMBOLS

The coefficients and the symbols used in the theoreti-
¢-] discussion are defined as follows:

=7 =N
o qc r=gef
N __H
=1 =&,
=2 ¢ A
T M ged
M H,
Cm—m Cu,=‘m
where

¢, airfoil section normal-force coefficient
Cx airfoil normal-force cocfficient
¢~ airfoil section pitching-moment coefficient
about quarter-chord point of airfoil
airfoil pitching-moment coeffic’ 'nt about
quarter-chord point of airfoil
Cr, flap section hinge-moment cuefficient
_ Gy, flap hinge-moment cocfficient
¢x, tab section hinge-moment coefficient
C,, tab hinge-moment cocfficient
n scction normal force of airfoil
N normal foree of airfoil
m scction pitching moment of airfoil about
quarter-chord point

Cn

1
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pitching moment of aicfoil about quarter-
chord point ’

flap section hinge moment

flap hinge moment

tab section hinge moment

tab hinge moment

q dynamic pressure

¢ mean geometric chord of basic airfoil with

flap and tab neutral

¢ root mean square airfoil choed

mean geometric flap chord

root mean square flap chord

mean geometric tab chord

root mean square tab chord

airfoil area

b airfoil span

flap span

tab span

angle of attack

angle of attack from zero lift for airfoil
of infinite aspect ratio with flap and tab
neutral

angle of attack from zero lift for finite
airfoil with flap and tab neutral

flap deflection with respect to airfoil

tab deflection with respect to flap

aspect ratio

Qg

by

DISCUSSION

EQUATIONS
The theory of thin airfoils is developed in reference 1
and is extended to include a hinged plain Hap in ref-
erence 2. The derivations, completed in reference 3,
give the thcoretical relationships for a finite airfoil
with a multiple hinged plain-flap system. The gencral
theory, in agreement with experiment, indieates a
lincar variation of angle of attack, flap deflection,
pitching-moment (‘oofﬁucnt and hinge-moment cocef-
ficient with lift cocfficient. In order to simplify the
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analysis, several assumptions were made in developing
the theory, two of the more important being that the
airfoil may be replaced by a mean camber line and that
the fluid flow leaves the trailing edge of the airfoil
. smoothly. The aerodynamic characteristics of an air-
foil with a plain flap are cxpressed in terms of theoreti-
cally determined parameters (see¢ figs. 1 and 2), which
are used in the cquations for the airfoil and the flap
cocfficients. These parameters are identified and trans-
formed into the partial differentials of standard NACA
coefficients in appendix A. Because a conventional
control surface is essentinlly an airfoil with a series of
plain flaps, these airfoil equations may be applied to
determine the characteristics of control surfaces.  The
equations in standard NACA form are:

()]

a¢sl Ca,dr

oL (5). o
&¢,8¢ €a ﬁa
)C.. 516 (2‘

OCm AC n
Cm—(m),,.,f’” WLP 3,

Oc e de .
e (E () (B

aCh/ O("“f T 50;,!
(vll!—( )‘/-51 ( b, a.b.af ‘ (05, )a,5,8' 4)

The subscripts indicate the factors that are hekd con-
stant when the partial derivatives are taken.

* The relationships in cquations (1), (2), and (3)
readily lend themselves to the prediction of control-
surface characteristics, such as tab and flap setting for
trim, tab operation as a balance, and the parameters
for free-control stability. From the basic relations,
some of the equations for determining the control
characteristics are developed in appendix B, If Cy is
the normal-foree coefficient of the tail required for
equilibrium, the tab defleetion to trim with zero control

fOI CeC 18
< f>
a‘ n /e b

CN =

(' - 1 : LV
Vies,m (a(,',v) (Oa) + (b(',,l) + (oa)
da /5,508, 25, %, ,
5 _ br.by Cords rSendid 01/ can b -
ey = Oa) ( dey ,) )
Qd LEN T Cue Bt
Oa) ol ,.f)
08 /e \ OB,
and the corresponding (lap defleetion is
_ 1 Oy 11,, -m S
\O’sl. oy Br ()(I S8t
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If the control surface is equipped with a balancing tab, where &§,=K3s,+3,, and 3, is the initiul tab deflec-
tion for trim and K is the rate of change of the tab deﬂecnon with the flap deflection, then at any angle of
attack the flap deflection for zero hinge-moment coefficient (free-floating angle) is

bC’v

(%)
acn 51,81

ac,, 2,

o

a0‘) ( ) a”"’) ]
8r.8¢ t‘. J_l 0,0 7

acn 8¢, 8¢

5!«?;.,-0):_ (ac,,/) (CC_V) (Da)
bc,, 8¢y de Oa 5,8 5‘5 C-.51+

and the corresponding normal-foree coefficient is

)
- K
Qb c.,5.+ al‘n &, a. s, 05: Cu a, 05 Coidy

- oCy
C V(c,. - ‘)5"5'[ (06, C.J"Shc,, =0

a .
a_;l"" (Ka,wh,_o, -‘—6,.,)] (8)

The following parameters, developed in appendix B, are of particular importance for caleulutions of free-

control stability.

5).(52)
87,84 80, 8¢

¢,

)
Qa c;.,-o

bc_,,,) < b(.'.v) (ba) +

acll &8¢ aa &r,8: a&, Cnidt

(3 (22 | 1_[<
ch "0 &1, 8¢

The experimental values of the parameters in the
foregoing equations are presented in the following
scction. Although some of the equations may appear
cumbersome, it is believed that the form used is most
casily applicable to the.practical design of a control
surface: From theoretical considerations, however,
these relationships may be much more casily under-
stood if the various factors arc combined into other
purameters as shown in appendix B.

EXPERIMENTAL DATA

Aerodynamic parameters.—Experimental curves
(figs. 1 und 2) have been prepared for use in determining
the serodynamic characteristics of any control surface
with a plain-flap aileron, elevator, or rudder with
sealed gaps. These curves, to be used in conjunction
with the cquations in the preceding section, are plots
giving the variation of aerodynamic parameters with
the ratio of flap chord to airfoil chord. The para-
meters, obtained for the NACA 0009 airfoil from an
analysis of the scction data presented in references 7,
8, and 9, are chosen to be independent of aspect ratio.
The theoretical curves developed by Glauert and Per-
ring (references 2 and 3) for the thin airfoil are repro-
duced in figures 1 and 2 for comparison.

From an analysis of the date = references 7, 8, and 9,
it was possible to define all of the experimental curves
of figures 1 and 2 except in figure 2 (¢) by points at
¢,/ of 0, 0.03, 0.05, 0.06, 0.08, 0.09, 0.10, 0.15, 0.16,
0.24, 0‘30 0.50, 0.80, and 1.00. The o\ponmontul
curves of figure 2 (¢) are defined by points at values of
¢,/ of 0.30, 0.50, 0.80, and 1.00 for the tab sizes of 0.10¢,

oca, I:-
(Wf Caydi + K

bc,.,

e G Go]
i\ Ot J5,5\ 08 Jeo i 0d; Jensy
)c..h + ( )c.,df] aa Ch =0 !

and 0.30¢; and at 0.30¢,/e, 0.50¢./¢, and 0.80¢,/e for the
0.20¢, tab size. The curve for the 0.20e, tab was,
however, extrapolated for values of ¢ /e from 0.80 to
1.00. For all the purameters of these two figures it
was possible to fair the curves with practically no
dispersion of points.

In figures 1 and 2 the experimental curves have the
same general shape as the theoretical eurves derived in
references 1, 2, and 3 although in most cases their
magnitudes are somewhat less.  The poorest agree-

) ey, ¢
nent was found in the curves of ( —'--’) anud —"’)
. ‘)5r Cuy b4 ()5, Vo B

in figures 2 (u) and 2 (¢), where the theoretical slopes for
small-<chord flaps were much higher negatively than
those given by experiment.  This diserepancy has been
observed in other comparisons between theory and
experiment.  Beeause the theoretical parameters were
determined on the assumption of a continuouns flow of
perfeet, nonviscous lluid, an assumption that is not valid

(1)

under actual conditions, the disagreenment might be
expected.  The diserepaney between theory and experi-

ment is important because it occurs within the egfe
range in which most control-surface flaps and tabs lie.
The portion of the hinge-moment coefficient attributed

. ¢y . .
to the cffective camber (—") & (fg. 2 (u)) is
aa/ Car By

cenerally many times greater than the portion caused

. . oy .
by the circulation ( ") Cy (fig. 2 (b)).
O¢ 87, 8¢

n
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FiGure 1.—Variation of (0¢,/08), nnd (0a/0d), with cgye or ¢ife for the NACA 0009 uirloil.
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A comparison between figures 2(a) and 2(c) indi-
cates that, for tab sizes greater than 0.10c,, the flap
hinge-moment coefficient obtained by deflecting the
tab a given amount is greater than that obtained by
deflecting the flap the same amount. This result agrees
with other test data (reference 10) and indicates that
a full-span balancing tab, with a chord greater than
0.10¢, and a 1:1 ratio of tab deflection to flap deflec-
tion will produce overbalance.

_From the test results of an NACA 0009 airfoil
reported in references 7, 8, and 9 it was also experi-

ac> —0.095 and
et s

mentally determined thut(

Allowable flap and tab deflections.—DBecause the
relutionships in equations (1), (2), (3), and (4) are

Oc
i = —0.0105.
O(',. )5/; & ’

Flap chordfoirfoil chord, c,/c
o i S ™ 100
T ] [ 3 1 1 ] b ! ] ¥
- &, = -g/
I - r/‘/// -/0 /
T e
- e ——
H - L Y
'c‘! //// ]
. i =
;‘% -/0 / / /
gt 17y
3 A
I ! o°
Ef L‘- 4 I/ o ///
N ';\ 17 / L
g -/5F T - |1
& kg e
x L \\N\\\_/
2 S
R Ay &5°
g, a- A\ \\
5 F Q T~—— R
g \\ \ 0
| 10°
= _ \ \ .
-25) N T 2
B B /4°

FioUrg 3.— A pprovimate maximum allowable flap deflections for linear Tinits of
airfuil characteristies at various unetes of nitack,  Data for NAC A 0w airfoil with
infinite aspect ratio and al an etfective ey nolils number of 3,110,008

truc only for the condition of a linear varintion of the
aerodynamic coefficients, it is necessary to deternine
for various angles of attack the maximum deflection
of u flap for the linear variation of the lift. In order
to obtain the minimum control force for a given maxi-
mum lift with u plain Hap, it is gencrally better to oper-
ate the flup within this linear range than to use a smaller
chord flap that must operate at flap deflections beyond
the linear range to give the required lift.

The approximate maximum allowable flap deflection
for linear limits of airfoil characteristics at several
angles of attack are plotted against the ratio of flap
chord to airfoil ehord in figure 3. These limits of

maximum flap deflection, obtained by experiment from
the data of references 7, 8, and 9 for infinite aspect
ratio at an effective Reynolds number of 3,410,000,
are the approximate angles at which the variation of
¢, with &, ceases to be linear. In most cases, however,
the limits do not indicate the flap stall because the stall
was observed to occur generally at a flap deflection
from 2° to 5° greater. In some cases, when the tab
was deflected in the direction opposite to the flap,
the change from the linear variation and also the
stall were delayed. The broken portions of the curves
of figure 3 indicate that, because of the irregular flow
over the small-chord faps, some uncertainty exists as
to the limits of the linear varintion of the character-
istic slopes in this region.

The flap-deflection limits for any given control sur-
face of finite span are dependent upon the aspect ratio,
the plan form, the twist, and the scale cffect. Gen-
erally, an increase in scale would tend to increase the
maximum allowable angle .of attack and the tlap de-
flection. Various free-flight tests have shown, how-
ever, that for critical conditions the stalls, and hence

the limits of the linear variation of the acrodynamic

characteristics, may not necessarily occur in flight in
the same order that the tunnel tests have indicated.
Because the limits presented in figure 3 are gencrally
several degrees below the stall obtained by the experi-
ments of references 7, 8, and 9 and because most control
surfaces will be at a larger scale than the scale of these
experiments, it is reasonable to assume that the limits
are conscrvative. .

If the scale effect is neglected, the limits may be
determined by computing the local angles of attack at
the critical section for various flap deflections by the
method of reference 11, These angles of attack can
then be plotted agninst the flap deflection to find the
intersection with the allowable-limit curve for infinite
aspect ratio.  For all practical purposes the limits for
the flap dellection and the angle of attack, when the
lift is small, may be assumed to be the same for any
aspect ratio.  This assumption is justifinble because
the magnitude of the correction lies within the limits
of the experimental aceuracy in determining the curves
for infinite uspect ratio.

Experiments (references 7 to 10) indieate that tab
effectiveness deereases with an inerease in the flap de-
flection.  There is reason to believe, however, that on
conventional finite control surfaces a satisfactory maxi-
mumn for tab deflection exists between the angles of
4£15° and £20° for modeeate [lap deflections.  This
result would indicate that, for a constant tab chord, it
is better to use a large-span tab deflected to a small
angle than a short-span tab deflected to a lnrge angle.

EFFECT OF ASPECT RATIO

The slope of the normal-force curve 3C%/Qa in
equation (D) for a finite airfoil is dependent on aspect
ratio A and may be corrected in the {ollowing manner:
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%)
%) _ Oa/y 8
da Jus © 57_3{%%> (11)
1+ 31,81
A

where dc./0a is the slope of the normal-force curve,
per degree, for infinite aspect ratio. The term p is a
correction factor for small aspect ratios, and values
obtained from unpublished data are used in figure 4.
For horizontal surfaces with end plates, such as twin
vertical surfaces, the value of p is 1. The factor 7,
a correction for end-plate effect due to twin vertical
surfaces, was obtained from reference 4 and its values
are reproduced in figure 4. For horizontal surfaces
with single vertical surfaces, the value of r is 1. Be-

cause the pardmeters (a—a) and (9—‘5 in equa-
0, €8s 08¢/ euir

tion (1) involve no change in circulation, they are
unaffected by aspect ratio.
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(a) Variation of .arameter p with A for airfoils without end plates.
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taken from reference 4. c
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FIGURE 4.—Parameters p and r for correction of parameter (o———
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In equation (2), if the pitching-moment coefficient
is taken about the serodynamic center of the airfoil

201041 —41—2

1+

and designated c., , , the parameter (Ec_':u) is equal
‘. 3,8t

to zero because

aC"‘a‘c.)
(ac”‘n.c.) — Oda 5r,8:
n &nds

> oy
\ Qa &8¢

where by definition (DC;"Z‘—) is equal to zero. The
b¢,d¢

same statement is substantially true when the pitching-
moment coefficients are determined about the
quarter-chord point of the airfoil because the values
of the parameter are so small that, in most cases, they
may be neglected. The other parameters in both
this equation and in equation (3) are unaffected by
the aspect ratio because they were determined for a
condition of constant circulation (Cy held constant).
Thus, it should be evident that the variation of equa-
tions (2) and (3) with the aspect ratio depends only
upon the corrected value of Cy for the finite airfoil
as determined in equation (1).

All the parameters in equation (4) are affected by

oC
the aspect ratio. The slopz (—OT:’) may be ~nr-
18t

rected in the same manner as (OT—C;”) » but the slopes

L]

dC, o0
of ( "’) and ( "’) vary in a more complex
a's/ a8 1 a,dr

manner. It can be shown that

(ao,., . ac,,) aa) N (bc_,,,
(s 7 n.ic_ Qa Juga b1/ et 03; /eu

From this relation it may be noted that the param-
da Oen, . .
eters (a)c”hand (—a—&;lw will not be affected by

changes in aspect ratio because the parameters were

determined for a condition of constant circulation.

oC,

The value of { = must, however, be corrected
Oa 8,8

for aspect ratio as previously mentioned. Hence, the

oC,
valuo of the parameter (—aT"’) may be corrected for
I

adi
aspect Tatio by correcting only the portion of the
(!
expression containing the parameter (T‘:-’ . Ina
1,0¢

. 20),
similar manner, the parameter | —=-= must also be
[

a8y
corrected for aspect ratio.

The results of model tests and flight tests are gener-
ally presented in a form from which the parameters in
cquation (4) may be obtained. Because the param-
eters in equation (4) are affccted by changes in

| aspect ratio, the experimental parameters for hinge-

moment coefficients presented in this report are given
in the form suitable for use in equation (3), so that they
may be used for any aspect ratio.
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EFFECT OF PLAN FORM

Because all the parameters of figures 1 and 2 are
independent of normal induced velocity, they are inde-
pendent of plan form and twist as well as of aspect
ratio. In general, in order to compute the character-
istics of any finite control surface it is neccssary to
compute the spanwise lift distribution for each flight
condition as indicated in reference 11. For the special
case of a control surface having an elliptical span-load
curve, the aerodynamic paramecters can be computed
in the manner to be indicated. Such a surface will be
one of elliptical chord distribution and of constant
ratio of flap to airfoil chord. If for practical purposes
the assumption is made that for any control surface
elliptical lift distribution is approximated, the acro-
dynamic characteristics may be readily estimated by
using the experimental data in figures 1, 2, 3, and 4
in the following manner:

(1) Determine the ratios of ¢//c and ¢,/c at as many
stations as may be neccssary to define the
surfaces.

(2) Obtain the value for the slopes at each station
from figures 1 and 2 and plot them against
the span. In order to sum up properly

OCa Och
th arameters ( f) ) (—’ y and
e p ¢ acn &, e aéf Cay 31

_b_c_,,_,) it is essential that they be based

t /cadr

upon a common chord. Thercfore multiply
the slopes obtained from figure 2 by the
square of the ratio of the flap chord at the
station in question to the root-mean-square
flap chord (¢,/¢,)? and plot the product.

(3) Integrate the curves and divide by the total
airfoil span, thus obtaining the cffective
parameter for the entire control surface.

(4) For partial-span tabs it is nceessary to intro-
duce an additional factor to allow for the
effect of the normal velocities induced over
the rest of the wing by the tab. Because
the value of this factor has not yet been
satisfactorily determined for a general case,
it must be negleeted at present.

APPLICATION OF DATA TO HORIZONTAL TAILS

Inasmuch as the determination of the proper hori-
zontal and vertical tail arcas, where stability is the
main consideration, is beyond the scope of this report,
only the general problems involved in obtaining ade-
quate control will be considered. The cquations and
the charts already presented readily lend themselves
to the solution of the problems.

The elevator size is usually determined by the re-
quirements of landing the airplane because getting the
tail down in the presence of the ground is generully
the most eritical condition. This discussion and the
sample problem of tail design included will thercefore
be devoted mainly to the determination of the elevator

required for landing and to the characteristics of the tail.

Before calculations can be made, however, certain
characteristics of the airplane must be known; namely,
the pitching-moment coefficient, the angle of down-
wash, and the dynamic pressure in the region of the
tail. These quantities should preferably come from
wind-tunnel tests of the model in question because
nacelle fairings and interference effects are critical.
The effects of the slipstream or of a windmilling pro-
peller should not be neglected. If wind-tunnel tests
are lacking, the characteristics may be roughly computed
from other test data, such as those given in reference 12.

Because the presence of the ground affects the down-
wash and the dynamic pressure over the tail in a man-
ner that has not yet been sutisfuctorily determined,
horizontal-tail designs must be based on assumptions
rather than be put on a rational basis. Until further
investigation sets forth either o method of calculating
the ground effect or o tunnel technique for measuring
it, the assumption can be made that, during a landing,
the angle of downwash at the tail is approximately zero.

In order to illustrate the method of application of the
data, an example is presented for an airplane having
the dimensions given in the following table.

Definition Dimeusion

Tail length from most forward center-of- | 1=20.0 ft
gravity location of airplane to quarter-
chord point of horizontal tail surface.
Mean aerodynamic¢ chord of wing___._._. c,=6.8 ft
Wingarea. ... .. ool S=236 sq ft
Tail ared . - oo eoec oo S'=48 sq ft
Tailspan_._. . .____...... b¥=1281"1t
Root mean square chord of tail - _____.___. =375t
Aspect ratioof tail . .. ___._____._____.. A'=3.4
Height of quarter-chord point of horizontal | d,/=3.14 It
tail above the ground (landing).
Height of horizontal tail above center of | d'=2 ft
gravity of airplane measured normal to
tail chord.
Angle of attack of airplane (landing)_____ .| a=14.2°
Augle of incidence of horizontal tail.___. '=2.0°
Assumed ratio of tab chord to horizontal- | ¢,//¢’ =0.06
chord.
Maximum tab deflection. ... ... .| 8/, ,=15°
Stick length . o oo ... ... 8= 1.75 Tt
Maximum deflection of control stick when | §,= +£30°

deflecting the clevator.
Pitching-moment coetficient abont center | Ca, , =—0.135
rl)f4 ggavity of model without tail (a=

Angle of downwash at tail (landing) {(as- | «=2.2°
sumed to have been determined from
wind-tunnel tests),

Ratio of average dynamic pressure over
tail to dynamie pressure of free air
stream,

7/0=0.96

Nore.—The primned values refer to horizontal-tail charae-
teristics.
ELEVATOR CHORD

The process of calculating the elevator chord required
to lund the airplanc is as follows:

(1) Compute the effeetive aspeet ratio ,” of the tail
surface in the presence of the ground.  From reference
13, when applied to a horizontal tail surfnee

A/ = L (12)
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where between the limits
1 _d) 1
1‘5<W2<§
sof Do
1— O.bﬁ(b,/2>

~ g (13)
1.05+3.4<m>

For the example

d; 314
I ki
Therefore
_ 1-0.66(0401)
=1 0543700400 =00
and
L34
A =1—pm3 =0

(2) Compute the slope of the lift curve of the hori-
zontal tail by equation (11) as alrcady outlined. From
figure 4, p=0.933 and r=1 and, from reference 8, for

an NACA 0009 airfoil, dc,/da is 0.095. Therefore
bav>’ _0.933(0.095) __
B S} +57.3(0.095)‘°'064
4.5

(3) Determine the angle of attack of the horizontal
tail surface:
a/ =ati’ —e
=14.2°+42.0°—-2.2°
=14.0°
(4) Approximate the pitching-moment coefficient of
the tail C.’ by assuming a ratio of ¢//¢’ and substi-
tuting in equation (2) using the maximum values of
3, and §,. Obtain the value of 5/, from figure 3.
If, for this example, ¢//c’ is estimated to be 0.35, then
from the experimental curve in figure 1 (a)

A m _

bTS;):.,». =—0.0090
From figure 3, if it is assumed that a,’=ay at an’ =14°,
then &/, =—25.6°. From cquation (2), if it is esti-

mated that Cy'=—0.2 and assumed that for a tab with

dimensions of 0.3 &’ by 0.06 ¢/,

<aa )C- 4
t raf

C.' =(—0.0105)(—0.2) + (—0.0090) (—25.6)
+(—0.0015)(15)
=0.21
(5) Estimate the chord-force ocflicient of the tail
(. from the curves in reference 4. The omission of
this term will, however, have no great cffect on the
results. From figure 5, reference 4

C./=0.25 (approx.)

=0.3(—0.0050)
=—0.0015

(6) Calculate the normal-force coefficient of the tail
required to maintain equilibrium by the equation

CN, =

4%-[(0 96)( )( 0.135)(6.8)

+(0.21)(3.75) +‘2(O.25)]
=—0.17

_1. 'l § Yts ’ I)
l(q, g7 Cme g Ca+ On'® +Cd (14)

equation (1), compute the product

nv ba

(7) From
da e ,_{ Oa R
56—[)&.'5‘5, - aC ) +-a" 06!>Cn. & 2 (lo)
ba 8¢, 8¢

For the example cited, ( m) is approximated to be
¢

e ¢

0.3)(—
Thus, with 5,/,,,,=15°
—=0.17

o) g
By eus T 0.064
=17.6°

0.20) =—0.06

+14.0— (—0.06) (15)

If accurate downwash measurcments are lacking
but adequate wind-tunnel data are available, it would
be a better procedure to modify steps (4) to (7) in the
following manner. Obtain by experiment the pitching-
moment cocfficient of the model, including the
tail undivided into stabilizer and clevator. Then caleu-
late the inerements of chord-force and pitching-moment
cocficicnts of the tail about its quarter-chord point
to obtain the increment of normal-force coeflicient
necessary to balance the airplanc. The subseript f
with Cy’, C’, and C.’ refers to the change caused by
the flap (clevator) deflection.

o=t 3o

The product (gg—l) 5/ is obtained:
1/ Car e
ﬁ" [ n"f 2‘.’)
Oéf)c..a.b’ - (a( ) 3%, )l
O«

From this point on, the procedure is the same as
before. This method has the advantage that, although
it is still necessary to calculate the angle of attack of the
tail (and hence the downwash) to determine the maxi-
mum flap deflection, the downwash computation does

e OF 1)

(16)
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not enter into the calculations for the product (gg ) s/
[

n bt
and hence possible inaccuracies are minimized.
(8) Assign convenient values of §,” and compute from

the product of equation (15) values of ( 56,) \

Cads

Obtain from figure 1 (b) the values of ¢,’/¢’ correspond-

ing to the computed values of (%1 ) , and plot them
1/ Cadt

against the assigned 5, values.
For the example cited, table I lists the computed

values of (%) . and the values of ¢//c’ that corre-
1/ Cn 8¢ i

spond to the ussigned values of 8 when §,’=15°.

TABLE I
L a_.) i

(deg) ddr/ ea bt ¢
—18. 4 -0.940 0.800
-~20.0 -, 880 047
-25.0 -. 708 . 430
-30.0 -. 587 . 318
-35.0 -, 508 L4l
-40.0 —. 441 . 102

The values given in table I are plotted in figure 5.
This curve represents the deflection of each flap size
required to produce the required normal force cocfficient
Cy' at the given angle of attack. This procedure was
repeated at §,=0°. The results are likewise plotted in

figure 5.
Effactive flop chordfairfoil chord, L,/c
a 20 40 .60 .80 .00
. 6!
AT
/// 15°
"% Y o
—_— _4 /
\ |/
4
-5 \
o
8‘ B
pS Maximum allowable
g / Required
= 30 /
]
8 [
3 //
v
3 I/
W
= |
/V
-40

Fiunre S.—Renuired flap deflections for tab neutrnl and deflected 157 and maximum
allowable flap deflections lor various values of ¢/ /. A/, 4.2, as’, 14.0°% ¢/'/¢’, 0.08,

(9) Plot the curve of maximum allowable 5, against
values of ¢,/ /¢’ as obtained from figure 3 for the required
angle of attack of the tail surface.
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This curve is also plotted in figure 5. The inter-
section of these curves will indicate the minimum
effective flap-chord ratio ¢//¢’ and the flap deflection
necessary to obtain the required Cy’ of the tail at the

angle of attack for landing. The mean value of ( g—g)

Cny B¢

for the entire tail surface should be that corresponding
to this flap-chord ratio ¢,/ /¢’.

From a consideration of the maximum free-control
stability and the lowest control forces, it is apparent
that this flap (elevator) of the minimum allowable size
should be the optimum size. Hence, for the example
cited, the curves of figure 5 intersect at §,/=-26°
(approx.), ¢/ /¢’=0.40. This result corresponds to an

effective (-gg) = —0.67 (g. 1 (b)).
1/ e i

The plan form and the total area having already been
tentatively determined, the object now is to divide the
tail surface into stabilizer and elevator in such manner

as to give a mean value of ( aa) corresponding to

€y 8
the effective flap-chord ratio just computed. This
division must of necessity be done by a method of
successive approximations in locating the hinge axis or
in making alterations to the plan form. The procedure
for determining the effective value of any of the param-
eters has already been indicated. The proper loca-
tion of the hinge axis having been estimated, the

effective parameter (a&) of the assumed arrang-

Cuy 8¢
ment can be found.
* When the hinge line is properly estimated,

offective (%

1/ €ay 8¢

the
thus obtained should be the same as

the value previously calculated. If it is smaller, the
flap size will not satisfy the design requirements; if it
is larger, the stick force may be greater, as can be seen
from the stick-force curve for a rectangular tail in
figure 6. Likewise, the free-control stability will be
decreased.

For the oxample cited, with the plan form of the tail
assumed to be that indicated in figure 7, the hinge lince
has been located on the second approximation. A
constant flap chord up to the tip section has been chosen
beeause it can be shown that, ir general, such a flap
will have lower stick force- than onc having a highly
tapered plan form. The distribution of the airfoil
chord along the span is clliptical for the tail under con-
sideration.

The hinge axis having been located, the effective
parameters for the hinge-moment and the pitching-
moment coeflicicnts may be determined in the manner
already outlined. For the problem under considera-
tion, this process has been carried out in detail and the
following values for the parameters have been obtained:
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bc,.!) -
(—'3_57, » W —0.0076

(a""’) = —0.093
acn 87, &e

ac, .
<——h—") = --0.0032 (approx., by interpolation)
bal Cny 8¢

da _ .
~_63;>v,..5,_ 0.06 (approx.)

STICK FORCE

(1) To compute the stick force, the hinge-moment
parameters Cy’, 8/, and &/’ being known, solve for C}/
by using cquation (3). For the example cited:

C\"= "0 17
5,/ =15°
6,’= —26°

Therefore
,,,’ =(—0.093)(—0.17) + (—0.0076)(—26)
+(—0.0032)(15)
=0.165
(2) The stick force is
C},,’(E,’ zbrqra,l

F‘=-_s(?,7_ un

For the example cited, ¢/ = 1.48 feet.
When the airplane is landed at 70 miles per hour, the
dynamic pressure at the tail is
14
e
=1 q
=9£°22i§(70>< 1.47)%(0.96)

=12.1 pounds per square foot

and F,=(0.165)(1.48)"’(12.8)(12.1)(—26)
’ (1.75) (30}

= —27.7 pounds

In order to visnalize more clearly the effect of flup

chord on the stick force, caleulutions were mude for a
rectangular tail having flups of various ratios of ¢/ /¢
for the conditions of tab ncutral and deflected 15°.
The results are plotted in figure 6. In each ease the

" required was —0.17 and the maximum allowable
flap deflection for the particular ¢/ /¢’ value was used.
It should also be pointed out that the stick length and
the maximum stick deflection were held  constant,
which resulted i an inereased mechanical advantage
8/ /6, for large-chord flaps.  The curves indicate that a
given size tab is much more effective in redueing stic’
forces of large-chord Haps than small-chord flaps. This
resuis is an cxpected one because figure 2 (¢) indieates
the same result when hinge moments rather than hinge-
moment cocfficients are considered.  The computations
also show that the highest stick forees oceur in the range
of ¢,/ /c’ most commonly used in present-day practice:
from 0.40 to 0.60.

TAB AND FLAP DEFLECTIONS TO TRIM

[t is considered desirnble to install a trimming tab
effective enough to trim the airplane when an upproach

'bl {(Cp =0
)
s

for landing is being made. If, for this condition, the
angle of attack for the tail and the normal-force coeffi-
cient required of the tail are known, the tab setting to
trim with zero stick force may be computed from equa-
tion (5). For the airplane used in the example to glide

Effective Flop chordfairfail chord, cpfc’
0 20 .40 .60

—_——t

1.00

-/10

O R

Stick force, F, ,Ib
"
Q
1

-50 —"L‘“'“F — S !_. —_]

i | H
|
j

i
-80 ] R . ‘ 4’__ l

K1 URE 6. — Renuired stick lorce {or tab neutral and deflectest 15¢ for landing with
rectangular tails for various values of ¢/’fe’. .14/, 4.5: ad, 14.0% ¢d'le’, 0.06.

: T i
| |
¢ R
| W
. |
T o
! 3
; AT
288" V230 )
- 153.6" .

Froure 5. -Tail surface with elliptical airfoil-chord distribution and constant-chord
lain flnp apd tab.

in cquilibrium at 110 miles per hour it is computed
that

a,=—12°
(,Y,v’= —”|4

Caleulate the slope ~f the lift curve in [ree air by cqua-
ion (11):

o 0,005
aﬁ’) =0.852{ , +57.3(n.(m.-',)' =0.054
v 8t (3.9
Therefore from equation (5)
1 —0.003
—0 '_4[_“ 05D (=067 T —-().nnm:] +

o (=0.06) _ (—0.0032)
(—0.67)  (—0.0076)

—1.2

—0.67

1147
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The corresponding flap deflection reqmred to maintain equilibrium may be computed from equation (6).
Thus for the example cited

—1 [(=0.14)

(ch =) _0-67 m—(_1.2)+(_0.06) (11.4)]=_3.1°

&/

When the tab is used as a balancing tab, the free-floating angle of the flap may be computed from equation
(7). For the example cited

6¢'=K5,’-i—6,0’, when 8,u’=1° and K=—0.5

Thus, when «,’=—1.2°,

(—0.093) (0.054) {(—1.2)+[—(—0.093) (0.054) (—0.06)+(—0.0032)](1)

“"','°’=_-—( 0.093) (0.054) (—0.67) + (—0.0076) + (—0.5){ — (—0.093) (0.054) (—0.06) + (—0.0032)] =0.27°

5/

The corresponding normal-force coefficient of the tail is determined by equation (8). Thus for the example
under consideration

O’y =0 =0.054{ (= 1.2) = (= 0.67) (0:27) = (= 0.08)[1+(—0.5) (0.27)}}=—0.03

The rate of change of free-floating angle with angle of attack may be calculated from equation (9). Thus

Dy (—0.093)(0.054)
CA'-.

Ja ~ {=0.003) (0.054) (—0.67) + (—0.0076) + (—0.5)[— (—0.003) (0.054) (= 0.06) - (—0.0032)] — _ 0-40

Similarly the slope of the lift curve for the tail with controls free is found from equation (10).

o

a3 )c‘ﬂ= (0.054) {1 —[(—0.67) + (—0.5) (— 0.06)} (—0.546) } =0.035

APPLICATION OF DATA TO VERTICAL TAILS AND AILERONS

This entire proccdure may be used equally well to calculate rudder size, with the obvious modification of
substituting yawing-moment cocfficients for pitching-moment coefficicnts and sidewash for downwash in
calculating the normal-force coefficient required.

The section paramecters presented in this report may also be used to compute aileron charncteristics by means
of the method outlined in reference 14.

LanGLEy MEMORIAL AERONAUTICAL LABORATORY,
NarionaL Apvisory COMMITTEE FOR AERONAUTICS,
LanNGLEY F1eLp, Va., December 30, 1940.



APPENDIX A

EQUATIONS OF THE THIN-AIRFOIL THEORY
IDENTIFICATION OF PARAMETERS

The conversion of the equations for the aerodynamic
characteristics of a finite airfoil based on the thin-
airfoil theory (references 1, 2, and 3) from the old
British system of aerodynamic coefficients to the stand-
ard NACA form and the use of symbols for the puram-
eters, or slopes, in these equations has led to some mis-
understanding as to the identity of these parameters.
The purpose of this analysis is to clarify the identity of
the parameters and to distinguish between the ones
that are sometimes confused because of a snmllarlty in
form. In addition, a summary of the relations is given
whereby other useful parameters not presented in fig-
ures 1 and 2 may be computed from these data.

If

) Cy =f 1{a,870 By
it follows that

dCy=2id +—1‘ d6,+—d5,
which 1s identical to
da,—ac“'d +a d5,+°0"

20y g@
oC:.
v da+ 0480+ 3 M d3,

ba
“)

b("v( da— ba

Likewise if
0m=f'.'(0~;5h5l)
it follows that

dC. _bo"d0~+ e ds+ M"'da,
and if
Cn,=f3(0m5h51)
Then
oC, dC,
dOr=5gdCx+ b;’d«s,+ ~/ds
or, if it is considered that
C’hy—fi(ay‘sf l)
oC, C, oC,
dCy=—"tdat+ "’ds,+ 552,

Because, according to the thin-airfoil theory, o linear
relutionship exists among the variables Cy, G, Cn, , 5,
and §,, the total differential in the foregoing cquations
may be replaced by the variable.  Because no change

is identical with

. . da
in circulation is invelved, 3,
1/ Cn s

Oa
65/ Carde
held constant when the partial differential is taken.

The equations now hecoma
St
24, c...wal )

AC,
v‘)6/ l£ (aaf Cnybs ! \
%n n on :
Cm—< >|;h,5'0'v+(66/ >¢« 516,+( > 6‘ (2)
Ac oc
Chf-—( h,)l[ 510 +( h,)c..ll l )C.,l[ (3)

2dC dC, oC,
Ch!—< hr)lhhaa (Tﬁ?)a Eua,+ hf)a l! (4)

These equations are of the same form as those pre-
sented in references 2, 3, and 5. By comparison it is
possible to define the various constants of the equations
in these references in terms of the variables involved.

The following table of corresponding symbols has been
prepared for future reference. The parameters from
references 2 and 3 are, for obvious reasons, expressed
in terms of the old British system of coefficients; the
angles were measured in radians; the pitching moment
was measured about the airfoil nose.

, etc. The subscripts indicate the variables

NACA
: scb:er;'l- Old British system of coefficients
Parameter ficients
3:’::'5 Reference 2 Reference 3
( oCx )
Qa /87,8, @ “ “
v
0y Ja by |77 e
QE ity
ég‘/ Cnib¢ M T Theor =N
a
3‘: c.,by .Y T P —Aor — M
2w -L x
LT 3 1
cu
_&7 ody |- —m —m, or —m,;
™ edy | | e =My OF — M2
N N
O A
( )a 51 -------- _61 ---------------
(5 by " @ >
Ben _ _p Qb —bias
3, Dewi mo| TheTETT | e hu
dcns
()T,')c..,ﬁy L4 T B -.b" or -bl'z

13
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SUMMARY OF RELATIONSHIPS 2C,, 2C,, d¢,,
The slopes summarized in the following equations _bgl—)a. v < )a, & )c 5 ( )
are useful for design purposes and may be computed 2C,,
with the aid of the charts of figures 1 and 2. ¢ m 37)5; 5
bc,,) . ol
20 (20 (%) (5.
Ry Jes e a.s, o OC) _ aC,,,) ( ¢, )
(aov = _(an 0a> b&, a, 3 b¢, 81 c 5. 06/ Cny By
. O«S, 3¢, 8a aal Ca, b1

OC,,.> _ a( ) ( )
(bc,,f) aat a, b 31, 8¢ / Ty 8¢
oc, ca. iy aC )

- r v)a By ( i){. ér

Qb Jory. b (b(',,/) 9‘!) - o4, 08, /..
067 Co, @ D(’ = ()a
¢, /s, 5 - Qa
05, )a & 05[,)1:... i

aa.,) ( ) acv) ' 2C

8¢, 3. 3 & &, & 56’ ( _ ) s

(b(’,. ) (aa,) (E)c,,,) (_)c., (aa,)
@b 3, & 05f e b s /e, s 08y /a1




APPENDIX B
DEVELOPMENT OF FORMULAS FOR TRIM, BALANCE, AND FREE-CONTROL CONDITIONS

For an airfoil with a flap and a trimming tab, the formula for the tab deflection required to trim, where for
trim Ch,is 0, was developed in the following manner.
From the thin-airfoil theory (see appendix A)

_(dCy da da
C.V—( Oa )5,. ag[aa_<agl)c.. 5.6!_ asl)c... 5/6[] (1 )

OC:, Gm O(‘,, )
S O+l =< =) ¢ &
. O ac, )51, 5 N+( 0dy /¢, 6‘5, ( b Jen s 3
Solve for 3, in equation (1):
[ON— EQv) aa+(9&> %) ,L]
5= — aa 3¢, &1 aa 3, 8 661 Coy 8f 1 \
= e (a_a) e
aa 81 & a‘s/ Cay &¢

Because (', =0 to trim, equation (3) may be equated to 0. Solve for §,., _, and obtain
!

3,045,
[ acn 5;.8.av+ a&, c..,&ysr

5 =—
f\c,,-o) achf)
MI Ty 1

If 'y for the condition when , =0 is substituted for Cy in equation (1a), 3, will become 51,(.'._,0)_ Now equa-

(3a)

tions (1a) and (3a) may be equated and lhe resuitant expression may be solved for &, to trim 8o, _gy-
4

()
s Ja. 8 + %a

1
1.6 GG
’ _ . Qa Js, s 6, ns Bt %, as 84 s/ car e (-
5((C,,I-m‘_ (ia) 141 bcn! L /¢ (-))
aal Cn.‘[_ :E C-.l!
Qa

_) ic_)
aaI' cu i 66/ Cue 8¢

In this form, the tab deflection to trim may be determined by direct substitution of the values for the
parameters as given in the data for this report.

The flap deflection with the tab set to trim may be determined from equation (la), which, when combined
and rewritten, hecomes

CV((',,

Cx
1 Cp =M Oa
Ve ==y | (30 =t (5, 0 5o ) ®
3,/ c..s0 Oa Jara

The equations for an airfoil and a flap with a bulancing tab were derived as follows:
For a balancing tab, &, is f(3,), so that 5§, =Ks,+8, whero K is a constant for a linear varintion of §, with

8;, and &, is the initial tab setting. Therefore equations (1) and (3) become

—(%0x (2= _(2=
ON - Oa )&,,.s. [a“ 05/)0.,6. 5! 061 Cn,¢ (K5/+510)]

Oc,, D(',. D(‘,,) v
v Y N a4 & [ =2 Ko, 18
("’_(O"u)amh Cul 06,),,,,;, ! |~( 04, :-..xr( W71 Bu)

With controls free, (7, =0 atd equation (3) becomes

—_ a(ll/ 1. a(‘,;,f) 5 (()C/,!) ]-\—6 —}-5l
”_(_alf,. )i/,h Cy (-ﬁf- ade ,((‘h,-o)+ 9, c..a,( ’((?n,-o) )

- . - M . H YIRS ] > v
Revise equation (1) by changing ¢y to ﬁy(ch,,.., and substitute 5’“'";’"’ for 5,; use this expression fot (‘v“'"/’")

and

in the foregoing relation, and the flap angle for control-free condition becomes
15
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ac,,,) (acv> +[ (ach, aa.,) ( ) ]

5 87,8: &r.84 Ga bcn 81.8¢ 3r.6¢ 56, Cn, !f t Cnrdr (..)

(G (33 (5 (5, (50) ( D (3]
3.8 .8 a‘Sf [ &. Cardt ac, 3,84 5r,8¢ 05, Cay a, 08, Jends

The equation for the normal-force coefficient with free controls is obtained by substituting the free-
floating flap deflection from equation (7) into equation (1). Thus

C',,,wn “”—(DON)‘N[ ( )c a"sf(c,. -l — )c ,(KB’ € ,")-}-6,0)] ()

By the actual substltutwn of the nght,-lmnd member of equation (7), this equation may be written as

=G ().,
v(chf-o) sr,h G Nr Cardy St s/ cuts +K Cundy

a:é)m- ba%w« 4[—)_")»3«< )s,j, 126:, ac_?)c.s,} ) (3a)
( o bt enbs K[ ( sr,a- N)ara.(bal)c a, 04, c.a,]

By the dlﬁ'erentmtlon of equation (7) with respect to a, &, being a constant, the stabilizing factor becomes

b& w)d] &t ( )l/ 31
Oa c,.,uo (ac ) (bC'v) ) ) K[ Oc., ) ( ) b(';,/) ] (Q)
- I &, 3,61 a6/ Ca. 6. Cayd¢ n 6, 6. 81,84 061 Ca 6, V/ by ’

If equation (8) is differentiated with respect to a, the slope of the normal-for('v coefficient curve becomes

%C;—N)Cn, - aoﬂ)m. 1-[( >c. a.+K( r)c.,l/ ba)c‘» -0} (10)

or by differentiation of equation (8a)

e (ENHE) G
().

3,8 31,84

(bc.,) (OCN) ( ) +<0€n, +K[ (30;, OCN) _b_f) +(%,) (10a)
8di 81,80 Cuids Casbt llfbc 87,84 06, Candy a‘sl Cusdy
By the use of the slope relations summarized at the 0C),
end of appendix A, it can easily be shown that equa- 06, ( ),m
tions (5), (6), (7), and (9) may be considerably sim- aa)c,!-n 3C), 3C,, (9n)
plified. When this simplification has been made, (W!), h‘*‘ '(“—)
these equatons read as follows: _ 5 -
o)t (5,
C;NC(:A =0) Cn(ch,-o) P OOC::)CA o OOC':)‘/‘ (3(_",‘ . a, 2 Cndy (10b)
N ( 4
b MI)CA’-M a5/)«- 5 = ) o ’t ( )
5'(""/'") 3'5/) 04, (50)
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Positive directions of axes and angles (forces and moments) are shown by arrows

Axis Moment about axis Angle Velocities
Force - i .
s (parallel 5 Positi Dest S (I..meu
P - | to axis) . . - ositive na- 'm-| (com
Designation gol svmbaol Designation g:: direction . tiogu t’)ol nent along Angul
axis)
Longitudinal. - . - - X X | Roling....- L | vY=—Z |Roll..... s u »
Lateral_occveeee- Y Y Pitching...-| M Z—X Pitch....|] ¢ v q
Normal.occaeeen- z z Yawing-..-| N X—Y | Yaw__... v w r

Absolute coefficients of morj\/[ent

C=gFy =8
(rolling) (pitching)

D, Diameter
P, Geometric pitch
p/D, Pitch ratio
. V', Inflow velocity
V., Slipstream velocity

: . T
T,  Thrust, absolute coefficient C'r-_;n-TDz

- ' Angle of set of control surfuce (relative t
C.= _% position), 5. (Indicate surface by proper =
(yuwgng)

4, PROPELLER SYMBOLS
P, Power, absolute coefficient Cp=;75—D
. s [pV?
C,  Speed-power coeﬁ'xcxent=-\/ y o]

;, Efficiency
n, Revolutions per second, r.p.s.

&,  Effective helix angle=tan™ ‘.’frn)

Q Torque, absolute coefficient Cq—;%ﬂ

5. NUMERICAL RELATIONS

1 hp.=76.04 kg-m/s=550 {t-Ib./sec. 1 1b.=0.4536 kg.

1 metric horsepower=1.0132 hp.
1 m.p.h.=0.4470 m.p.s.
1 m.p.s.=2.2369 m.p.h.

1 kg=2.2048 Ib. -
1 mi.=1,609.35 m=5,280 ft.
1 m=3.2808 ft.

©)

14






